Function of Glu-469' in the acid-base catalysis of thioredoxin reductase from Drosophila melanogaster.
Thioredoxin reductase (TrxR) catalyzes the reduction of thioredoxin (Trx) by NADPH. Because dipteran insects such as Drosophila melanogaster lack glutathione reductase, their TrxRs are particularly important for antioxidant protection; reduced Trx reacts nonenzymatically with oxidized glutathione to maintain a high glutathione/glutathione disulfide ratio. Like other members of the pyridine nucleotide-disulfide oxidoreductase family, TrxR is a homodimer; in the enzyme from D. melanogaster (DmTrxR), each catalytically active unit consists of three redox centers: FAD and an N-terminal Cys-57-Cys-62 redox-active disulfide from one monomer and a Cys-489'-Cys-490' C-terminal redox-active disulfide from the second monomer. A dyad of His-464' and Glu-469' in TrxR acts as the acid-base catalyst of the dithiol-disulfide interchange reactions required in catalysis [Huang, H.-H., et al. (2008) Biochemistry 47, 1721-1731]. In this investigation, the role of Glu-469' in catalysis by DmTrxR has been studied. The E469'A and E469'Q DmTrxR variants retain 28 and 35% of the wild-type activity, respectively, indicating that this glutamate residue is important but not critical to catalysis. The pH dependence of V(max) for both glutamate variants yields pK(a) values of 6.0 and 8.7, compared to those in the wild-type enzyme of 6.4 and 9.3, respectively, indicating that the basicity of His-464' in TrxR in complex with its substrate, DmTrx-2, is significantly lower in the glutamate variants than in wild-type enzyme. The rates of some steps in the reductive half-reactions in both glutamate variants are much slower than those of the wild-type enzyme. On the basis of our observations, it is proposed that the function of Glu-469' is to facilitate the positioning of His-464' toward the interchange thiol, Cys-57, as suggested for the analogous residue in glutathione reductase.